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(57) ABSTRACT

An image forming apparatus includes an image carrying
member, a developer carrying member configured to carry
developer to be supplied to the image carrying member, a
transfer member configured to transfer a developer image
formed on the image carrying member to a sheet passing
between the image carrying member and the transfer mem-
ber, a detector configured to detect a temperature, and a
control device. The control device is configured to change,
in response to a sheet interval, a developing bias to be
applied to the developer carrying member from a first
developing bias to a second developing bias at a changing
rate based on a temperature detected by the detector, the
changing rate being an amount of change in the developing
bias per unit time based on the temperature.

17 Claims, 9 Drawing Sheets
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IMAGE FORMING APPARATUS THAT
CHANGES A DEVELOPING BIAS OR
SURFACE POTENTIAL

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Application No. 2012-186935, filed on Aug. 27, 2012,
which is incorporated herein by reference in its entirety.

FIELD

Aspects of the disclosure relate to an image forming
apparatus including a transfer member configured to transfer
a developer image formed on an image carrying member to
a sheet.

BACKGROUND

A known image forming apparatus is configured to,
during continuous printing, reduce electrostatic discharge
from occurring between a trailing end portion of a sheet and
a photosensitive drum and reduce inconsistency in density
due to a change in the surface potential of the photosensitive
drum. Specifically, in the image forming apparatus, a trans-
fer bias is turned off before the trailing end portion of the
sheet passes a transfer position between the photosensitive
drum and a transfer roller, thereby the electrostatic discharge
is reduced from occurring between the trailing end portion
of the sheet and the photosensitive drum when the trailing
end portion of the sheet passes the transfer position.

When the transfer bias is turned off in such a case, there
is a problem that the absolute value of a surface potential in
a portion (affected by the turning off of the transfer bias) of
the photosensitive drum may get higher than that in other
portions of the photosensitive drum, resulting in inconsis-
tency in density. Specifically, even when the portion whose
absolute value has become great is exposed, the portion
should have greater surface potential than the other portions.
Developer does not remain on the portion and thus incon-
sistency in density occurs.

In the known image forming apparatus, when an area of
the photosensitive drum corresponding to a period of time
during which the transfer bias is off (or an area of the
photosensitive drum passing the transfer position while the
transfer bias is off) reaches the developing roller, the devel-
oping bias is made slightly greater than the normal devel-
oping bias. Through the application of the greater develop-
ing bias, toner can be supplied to the portion of the
photosensitive drum where the surface potential has become
great (or the exposed portion thereof). Thus, toner can
remain on the portion where the surface potential has
become great and inconsistency in density can be reduced.

SUMMARY

However, in the known image forming apparatus, there is
a possibility that inconsistency in density may occur when
the temperature and the humidity change.

This is because, due to the change in the temperature and
humidity, a rise time and a fall time until a target transfer
bias is achieved fluctuate. More specifically, a period of time
from when the transfer bias is changed from the normal
transfer bias to the off state till when the transfer bias is
returned from the off state to the normal transfer bias
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(hereinafter referred to as “a time for changing the transfer
bias”) is set to be longer as the temperature and the humidity
are lower.

A period of time from when the developing bias is
changed from the normal developing bias to a slightly
greater developing bias till when the developing bias is
returned from the slightly greater developing bias to the
normal developing bias (hereinafter referred to as “a time for
changing the developing bias™) is set to be longer as the
temperature and the lower humidity are lower as in the case
with the time for changing the transfer bias. However, as the
amount of change in the developing bias is extremely
smaller than that in the transfer bias, the time for changing
the developing bias is little affected by the temperature and
the humidity. Thus, the change in the temperature and
humidity may cause a big difference between the time for
changing the transfer bias, which is more affected by the
temperature and the humidity, and the time for changing the
developing bias, which is less affected by the temperature
and the humidity. In this case, toner cannot remain on the
portion of the photosensitive drum where the surface poten-
tial has become great, causing a problem of inconsistency in
density.

Tustrative aspects of the disclosure provide an image
forming apparatus configured to reduce a possibility of
occurring inconsistency in density caused by control of the
transfer bias to be applied to reduce electrostatic discharge
between the trailing end portion of the sheet and the pho-
tosensitive drum.

According to an aspect of the disclosure, an image form-
ing apparatus includes an image carrying member, a devel-
oper carrying member configured to carry developer to be
supplied to the image carrying member, a transfer member
configured to transfer a developer image formed on the
image carrying member to a sheet passing between the
image carrying member and the transfer member, a detector
configured to detect a temperature, and a control device. The
control device is configured to: change a transfer bias to be
applied to the transfer member from a first transfer bias to a
second transfer bias in response to a sheet interval between
the sheet and a next sheet; and change, in response to the
sheet interval, a developing bias to be applied to the devel-
oper carrying member from a first developing bias to a
second developing bias at a first changing rate when the
detector detects a first temperature and at a second changing
rate when the detector detects a second temperature, the first
changing rate being an amount of change in the developing
bias per unit time when the detector detects the first tem-
perature, the second changing rate being an amount of
change in the developing bias per unit time when the
detector detects the second temperature.

According to an aspect of the disclosure, an image form-
ing apparatus includes an image carrying member, a devel-
oper carrying member configured to carry developer to be
supplied to the image carrying member, a transfer member
configured to transfer a developer image formed on the
image carrying member to a sheet passing between the
image carrying member and the transfer member, a detector
configured to detect a humidity, and a control device. The
control device is configured to: change a transfer bias to be
applied to the transfer member from a first transfer bias to a
second transfer bias in response to a sheet interval between
the sheet and a next sheet; and change, in response to the
sheet interval, a developing bias to be applied to the devel-
oper carrying member from a first developing bias to a
second developing bias at a first changing rate when the
detector detects a first humidity and at a second changing
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rate when the detector detects a second humidity, the first
changing rate being an amount of change in the developing
bias per unit time when the detector detects the first humid-
ity, the second changing rate being an amount of change in
the developing bias per unit time when the detector detects
the second humidity.

According to an aspect of the disclosure, an image form-
ing apparatus includes an image carrying member, a surface
potential adjusting member configured to adjust a surface
potential of the image carrying member, a transfer member
configured to transfer a developer image formed on the
image carrying member to a sheet passing between the
image carrying member and the transfer member, a detector
configured to detect a temperature, and a control device. The
control device is configured to: change transfer bias to be
applied to the transfer member from a first transfer bias to a
second transfer bias in response to a sheet interval between
the sheet and a next sheet; and change, in response to the
sheet interval, a control amount of the surface potential
adjusting member from a first control amount to a second
control amount at a first changing rate when the detector
detects a first temperature and at a second changing rate
when the detector detects a second temperature, the control
amount of the surface potential adjusting member contrib-
uting to fluctuations of the surface potential of a particular
area, the first changing rate being an amount of change in the
control amount of the surface potential adjusting member
per unit time when the detector detects the first temperature,
the second changing rate being an amount of change in the
control amount of the surface potential adjusting member
per unit time when the detector detects the second tempera-
ture.

According to an aspect of the disclosure, an image form-
ing apparatus includes an image carrying member, a surface
potential adjusting member configured to adjust a surface
potential of the image carrying member, a transfer member
configured to transfer a developer image formed on the
image carrying member to a sheet passing between the
image carrying member and the transfer member, a detector
configured to detect a humidity, and a control device. The
control device is configured to: change transfer bias to be
applied to the transfer member from a first transfer bias to a
second transfer bias in response to a sheet interval between
the sheet and a next sheet; and change, in response to the
sheet interval, a control amount of the surface potential
adjusting member from a first control amount to a second
control amount at a first changing rate when the detector
detects a first humidity and at a second changing rate when
the detector detects a second humidity, the control amount of
the surface potential adjusting member contributing to fluc-
tuations of the surface potential of a particular area, the first
changing rate being an amount of change in the control
amount of the surface potential adjusting member per unit
time when the detector detects the first humidity, the second
changing rate being an amount of change in the control
amount of the surface potential adjusting member per unit
time when the detector detects the second humidity.

BRIEF DESCRIPTION OF THE DRAWINGS

Tlustrative aspects will be described in detail with refer-
ence to the following figures in which like elements are
labeled with like numbers and in which:

FIG. 1 is a sectional view of an illustrative image forming
apparatus, e.g. a color laser printer, according to an embodi-
ment of the disclosure;
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FIG. 2 schematically illustrates bias applying devices and
a control device;

FIG. 3 A illustrates a trailing end portion of a sheet reaches
a transfer roller;

FIG. 3B illustrates a trailing end area reaches a develop-
ing roller;

FIG. 4 is a time chart illustrating changes of biases and a
surface potential of a photosensitive drum;

FIG. 5 is a table showing time values to be set according
to temperature and humidity;

FIG. 6 is a flowchart illustrating a process for controlling
a transfer bias;

FIG. 7 is a flowchart illustrating a process for controlling
a developing bias;

FIG. 8 is a time chart for changing a charging bias to
reduce electrical discharge; and

FIG. 9 is a flowchart illustrating a process for controlling
the charging bias.

DETAILED DESCRIPTION

An illustrative embodiment will be described in detail
with reference to the accompanying drawings. In the fol-
lowing description, a general structure of a color laser
printer 1, as an example of an image forming apparatus, will
be described in detail.

In the following description, orientations or sides of the
color laser printer 1 will be identified based on the color
laser printer 1 disposed in an orientation in which it is
intended to be used. In other words, in FIG. 1, the left side
is referred to as the front or front side, the right side is
referred to as the rear or the rear side, the up side is referred
to as the top or upper side, and the down side is referred to
as the bottom or lower side. The top-bottom direction may
be referred to as a vertical direction.

As shown in FIG. 1, the color laser printer 1 includes a
main casing 10, an upper cover 11, a sheet feed portion 20
configured to feed a sheet, e.g., plain paper, thick paper, a
postcard, a thin paper, and a transparency sheet (hereinafter
referred to as a sheet S), an image forming portion 30
configured to form an image on the sheet S fed thereto, and
an ejection portion 90 configured to eject the sheet S on
which the image is formed.

The upper cover 11 is disposed in an upper portion of the
main casing 10, and configured to pivot about a shaft 12
disposed on the rear side such that a front side thereof moves
vertically with respect to the main casing 10 to open and
close an opening 10A formed in the upper portion of the
main casing 10.

The sheet feed portion 20 is disposed in a lower portion
of the main casing 10, and mainly includes a sheet tray 21
configured to accommodate sheets S therein, and a sheet
feeding mechanism 22 configured to feed a sheet S from the
sheet tray 31 tray 21 to the image forming portion 30. The
sheets S in the sheet tray 21 are singly fed to the image
forming portion 30 by the sheet feeding mechanism 22.

The image forming portion 30 includes four LED units
40, four process units 50, a transfer unit 70 and a fixing unit
80.

The LED units 40 are pivotally supported by the upper
cover 11 via respective holding portions 14. When the upper
cover 11 is closed, the LED units 40 are disposed facing
photosensitive drums 51 from above. Each LED unit 40 is
configured such that a light emitting portion (LED) disposed
on an end thereof blinks based on image data to expose a
charged surface of a corresponding one of the photosensitive
drums 51.
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The process units 50 are arranged in the front-rear direc-
tion between the upper cover 11 and the sheet tray 21, and
configured to be attached to and removed from the main
casing 10 vertically through the opening 10A of the main
casing 10 exposed when the upper cover 11 is opened.

Each process unit 50 mainly includes a photosensitive
drum 51 as an example of an image carrying member, a
charger 52 as an example of a charging member, a devel-
oping roller 53 as an example of a developer carrying
member, a supply roller 54, a layer-thickness regulating
member 55, a toner chamber 56 storing positively charge-
able toner as an example of a developer, and a cleaning roller
57.

The process units 50 include process units 50Y, 50M, 50C
and 50K storing yellow toner, magenta toner, cyan toner and
black toner respectively, which are arranged in this order
from an upstream side in a sheet feeding direction.

Each photosensitive drum 51 includes a known cylindri-
cal-shaped conductive drum body having a photosensitive
layer formed on an outer surface thereof and a known shaft
electrically continuous with the drum body, which is
grounded.

The charger 52 is disposed corresponding to a photosen-
sitive drum 51 and configured to adjust a surface potential of
the photosensitive drum 51. The charger 52 mainly includes
a wire electrode 521 and a grid electrode 522. The charger
52 is configured to generate a corona discharge through
application of a charging bias (voltage) and charge the
surface of the photosensitive drum 51 with a positive
potential greater than a developing bias to be applied to the
developing roller 53.

The developing roller 53 is disposed corresponding to a
photosensitive drum 51 and carries toner on a surface
thereof. The developing roller 53 is configured to, when
contacting the photosensitive drum 51 while being subjected
to a positive developing bias, supply toner to the photosen-
sitive drum 51 (or an exposed area where the surface
potential has become lower than the developing bias).

The cleaning roller 57 is disposed corresponding to a
photosensitive drum 51 and configured to contact the pho-
tosensitive drum 51 and remove foreign matter, such as
paper dust and toner, from the photosensitive drum 51.
Specifically, during normal printing control, the cleaning
roller 57 is subjected to a cleaning bias smaller than the
surface potential of the photosensitive drum 51.

The transfer unit 70 is disposed between the sheet tray 21
and the process units 50, and mainly includes a drive roller
71, a driven roller 72, a conveyor belt 73, and four transfer
rollers 74 as an example of a transfer member. The conveyor
belt 73 is endless, extends between the drive roller 71 and
the driven roller 72, and contacts the photosensitive drums
51 at its outer surface. The transfer rollers 74 are disposed
inside the conveyor belt 73 such that the conveyor belt 73 is
sandwiched between the transfer rollers 74 and the photo-
sensitive drums 51. The transfer rollers 74 are ion conduc-
tive rollers.

The fixing unit 80 is disposed at the rear of the process
units 50 and the transfer unit 70, and mainly includes a heat
roller 81 and a pressure roller 82 disposed opposite to the
heat roller 81 and configured to press the heat roller 81.

In the image forming portion 30, the surface of each
photosensitive drum 51 is uniformly charged by a corre-
sponding charger 52, and subsequently exposed to light by
a corresponding LED unit 40. Thus, an electrostatic latent
image based on image data is formed on the surface of each
photosensitive drum 51.
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Then, toner stored in the toner storing portion 56 is
supplied to the developing roller 53 via the supply roller 54,
enters in between the developing roller 53 and the layer
thickness regulating blade 55, and is carried on the devel-
oping roller 53 as a thin layer having a fixed thickness. In
this process, toner is charged frictionally and positively
between the developing roller 53 and the supply roller 51
and between the developing roller 53 and the layer thickness
regulating blade 55.

The toner carried on the developing roller 53 is supplied
onto an exposed area on the photosensitive drum 51, thereby
the electrostatic latent image is developed into a visible
image such that a toner image is formed on the photosen-
sitive drum 51. Then, when a sheet S is supplied from the
sheet feed portion 20 and fed in between each of the
photosensitive drums 51 and the conveyor belt 73 (contact-
ing the transfer rollers 74, which are subjected to a negative
transfer bias), the toner images carried on the surfaces of the
photosensitive drums 51 are sequentially transferred onto
the sheet S. The sheet S having the toner images transferred
thereto passes between the heat roller 81 and the pressure
roller 82 and the toner images transferred onto the sheet S
are thermally fixed.

The ejection portion 90 mainly includes a guide config-
ured to guide the sheet S fed from the fixing unit 80 along
an ejection path 91, and feed rollers 92 configured to feed the
sheet S. The sheet S having the toner images thermally fixed
is fed along the ejection path 91 and ejected outside from the
main casing 10, and received onto an ejection tray 13.

As shown in FIG. 2, the color printer 1 further includes a
sheet detection sensor 110, a temperature/humidity sensor
120 as an example of a detector, a developing bias applying
device 130, a transfer bias applying device 140, a charging
bias applying device 150, and a control device 160. In FIG.
2, the conveyor belt 73 is omitted for the sake of conve-
nience.

As shown in FIG. 1, the sheet detection sensor 110 is
pivotally disposed upstream from the most upstream pho-
tosensitive drum 51. The sheet detection sensor 110 is
configured to detect a passage of a leading end of a sheet S
when the sheet detection sensor 110 is tilted from an upright
position by the leading end of the sheet S, and detect a
passage of a trailing end portion of the sheet S when the
sheet detection sensor 110 kept tilted by a lower surface of
the sheet S is returned to the upright position after the
trailing end portion of the sheet S comes off the sheet
detection sensor 110.

As shown in FIG. 2, the temperature/humidity sensor 120
is configured to detect temperature and humidity and is
disposed in an appropriate position in the main casing 10.

The developing bias applying device 130 is configured to
apply a developing bias to the developing rollers 53 and is
controlled by the control device 160.

The transfer bias applying device 140 is configured to
apply a transfer bias to the transfer rollers 74 and is
controlled by the control device 160. The transfer bias
applying device 140 includes a current sensor (not shown)
configured to detect a transfer bias applied to the transfer
rollers 74, which will be output to the control device 160.
The transfer bias applying device 140 further includes a
Zener diode, which prevents a current from flowing from the
photosensitive drums 51 when the transfer bias applying
device 140 stops applying the transfer bias to the transfer
rollers 74.

The charging bias applying device 150 is configured to
apply a charging bias to the chargers 52 and is controlled by
the control device 160.
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The control device 160 includes a central processing unit
(CPU), a random access memory (RAM), a read-only
memory (ROM), and an input/output interface, which are
not shown. The control device 160 controls each part of the
color laser printer 1 based on preset programs. Especially in
the embodiment, the control device 160 controls the transfer
bias applying device 140 and the developing bias applying
device 130 based on signals from the sheet detection sensor
110 and the temperature/humidity sensor 120.

In the embodiment, the charging bias applying device 150
is controlled in a known manner, and detailed description
thereof is omitted.

The control device 160 is configured to change a transfer
bias to be applied to the transfer roller 74 in response to a
sheet interval between the sheet S being fed and the next
sheet S to be fed. Specifically, as shown in FIG. 3A, when
a trailing end portion Sb (indicated with a thick line) of a
sheet S passes between the photosensitive drum 51 and the
transfer roller 74, the control device 160 is configured to
change the transfer bias from a first transfer bias (-It1) to a
second transfer bias (-It2) (see FIG. 4). The first transfer
bias (-It1) is applied before the trailing end portion Sb of the
sheet S passes between the photosensitive drum 51 and the
transfer roller 74, and the second transfer bias (-It2) is
smaller in absolute value than the first transfer bias (-It1).
With this change, the potential for electric discharge
between the trailing end portion Sb of the sheet S and the
photosensitive drum 51 can be reduced.

The control device 160 is configured to determine
whether the trailing end portion Sb of the sheet S reaches
between the photosensitive drum 51 and the transfer roller
74 based on a signal from the sheet detection sensor 110, and
then change the transfer bias. Specifically, the control device
160 determines whether a predetermined amount of time
elapses after the sheet detection sensor 110 detects the
passage of the leading or trailing end portion of the sheet S
thereby determining whether the trailing end portion Sb of
the sheet S reaches between the photosensitive drum 51 and
the transfer roller 74.

The control device 160 is configured to change a devel-
oping bias to be applied to the developing roller 53 in
response to the sheet interval. FIG. 3B shows that a trailing
end area Ab on the photosensitive drum 51, which is
indicated with a thick line in FIG. 3B, reaches the develop-
ing roller 53. The trailing end area Ab on the photosensitive
drum 51 is an area corresponding to the trailing end portion
Sb of the sheet having passed the transfer roller 74. Spe-
cifically, when the trailing end area Ab on the photosensitive
drum 51 passes the developing roller 53 at the time when the
transfer bias is at the second transfer bias (-It2), the control
device 160 is configured to change the developing bias from
a first bias Vdl1 to a second developing bias Vd2 (see FIG.
4). The first developing bias Vd1 is applied to the developing
roller 53 before the trailing end area Ab passes the devel-
oping roller 53. The second developing bias Vd2 is greater
in absolute value than the first developing bias Vdl. With
this structure, toner can be adequately supplied from the
developing roller 53 to a part of the photosensitive drum 51
where the surface potential becomes high through the appli-
cation of the second transfer bias (-It2).

The control device 160 is configured to change a devel-
oping bias by determining that the trailing end area Ab
reaches the developing roller 53 based on a signal from the
sheet detection sensor 110. Specifically, the control device
160 determines whether the trailing end area Ab reaches the
developing roller 53 by determining whether a predeter-
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mined amount of time elapses after the trailing end portion
Sb of the sheet S reaches between the photosensitive drum
51 and the transfer roller 74.

Furthermore, the control device 160 is configured such
that a first time T1 for changing the developing bias from the
first developing bias Vd1 to the second developing bias Vd2
and a second time T2 for changing the developing bias from
the second developing bias Vd2 to the first developing bias
Vd1 are longer as the temperature and humidity detected by
the temperature/humidity sensor 120 are lower. Specifically,
the control device 160 is configured to set the times T1 and
T2 based on the temperature and the humidity detected by
the temperature/humidity sensor 120 and a table stored in
memory (not shown), which is shown in FIG. 5.

For example, when the temperature Th is 15-20 degrees
Celsius and the humidity H is 45-55% (or when it is in the
normal temperature and normal humidity environment), the
control device 160 sets each of the times T1 and T2 to 5 ms
from the table shown in FIG. 5. When it is in the low
temperature and low humidity environment, for example,
when the temperature Th is 10 degrees Celsius or less and
the humidity H is 25% or less, the control device 160 sets
each of the times T1 and T2 to 25 ms from the table shown
in FIG. 5.

Values in the table shown in FIG. 5 are determined as
appropriate based on results of experiments and simulations.
Specifically, the times T1 and T2 are set such that a time for
changing a developing bias becomes equal to a time for
changing a transfer bias, which changes according to envi-
ronmental change, as shown in FIG. 4. For example, time
TC is a time for changing the transfer bias or the developing
bias in the normal temperature and normal humidity envi-
ronment, which is indicated with a solid line, and time TD
is a time for changing the transfer bias or the developing bias
in the low temperature and low humidity environment,
indicated with a broken line.

Here “the time for changing the transfer bias” refers to a
period of time from when the transfer bias is changed from
the first transfer bias (-It1) to the second transfer bias (-It2)
till when the transfer bias is returned to the first transfer bias
(-It1). “The time for changing the developing bias” refers to
a period of time from when the developing bias is changed
from the first developing bias Vd1 to the second developing
bias Vd2 till when the developing bias is returned to the first
developing bias Vd1.

Time TA for maintaining the transfer bias at the second
transfer bias (-It2) and time TB for maintaining the devel-
oping bias at the second developing bias Vd2 are set
unchanged in any environments. The gradients of the trans-
fer bias in ascending and descending (or time until when a
target value is obtained) are subject to change according to
various environments, and the times T1 and T2 are set
accordingly. The gradients of the transfer bias indicate an
amount of change in the transfer bias per unit time.

In other words, while the gradients of the transfer bias are
naturally changed in relation to the environmental changes,
the gradients of the developing bias (indicating an amount of
change in the developing bias per unit time) are controlled
such that they are forcibly changed. The gradients of the
developing bias are changed by the times T1 and T2 set in
relation to the environmental changes. For example, even
when time TC for changing the transfer bias in the normal
temperature and normal humidity environment is changed to
time TD for changing the transfer bias in the low tempera-
ture and low humidity environment, which is longer than the
time TC, time TC for changing the developing bias in the
normal temperature and normal humidity environment can
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be changed to have substantially the same period of time as
the time TD. Thus, developer can be adequately supplied
from the developing roller 53 to the photosensitive drum 51
and thus inconsistency in density can be reduced.

Specifically, the control device 160 executes control of the
transfer bias in accordance with the flowchart shown in FIG.
6, and control of the developing bias in accordance with the
flowchart shown in FIG. 7.

The control of the transfer bias will be described with
reference to FIG. 6.

The control device 160 first determines whether there is a
print command (step S1). When there is a print command
(step S1: Yes), the control device 160 determines whether
the sheet detection sensor 110 detects a passage of a sheet S
(step S2).

When the sheet detection sensor 110 detects the passage
of'the sheet S (step S2: Yes), the control device 160 changes
the transfer bias from O (off state) to the first transfer bias
(-It1) (step S3). After step S3, the control device 160
determines whether the trailing end portion Sb of the sheet
S reaches the transfer roller 74 (step S4).

When the control device 160 determines that the trailing
end portion Sb of the sheet S reaches the transfer roller 74
(step S4: Yes), the control device 160 changes the transfer
bias from the first transfer bias (-It1) to the second transfer
bias (-It2) (step S5). After step S5, the control device 160
monitors whether the transfer bias becomes -It2 based on
information from a voltage sensor, and maintains the trans-
fer bias at -It2 for the fixed period of time TA since the
transfer bias becomes -It2 (step S6).

After step S6, the control device 160 determines whether
a print control is completed or a next sheet S to be printed
is present (step S7). When the print control is not completed
(step S7: No), the control device 160 returns the transfer bias
from -It2 to -It1 (step S8) and returns to S4.

When the control device 160 determines that the print
control is completed (step S7: Yes), the control device 160
returns the transfer bias from -It2 to 0 (off state) (step S9),
and ends the control of the transfer bias.

The control of the developing bias will be described with
reference to FIG. 7.

The control device 160 first determines whether there is a
print command (step S11). When there is a print command
(step S11), the control device 160 changes the developing
bias from O (off state) to the first developing bias Vdl (step
S12).

After step S12, the control device 160 obtains a tempera-
ture and a humidity from the temperature/humidity sensor
120 (step S13), and sets the first time T1 and the second time
T2 based on the temperature, the humidity and the table
shown in FIG. 5 (step S14). After step S14, the control
device 160 determines whether the number of sheets to be
printed is more than one based on the print command (step
S15).

When the control device 160 determines that the number
of sheets to be printed is more than one (step S15: Yes), the
control device 160 determines whether the trailing end area
Ab on the photosensitive drum 51 (that is an area corre-
sponding to the trailing end portion Sb of the sheet S)
reaches the developing roller 53 (step S16). When the
control device 160 determines that the trailing end area Ab
reaches the developing roller 53 (step S16: Yes), the control
device 160 changes the developing bias from the first
developing bias Vd1 to the second developing bias Vd2 in
the first time T1 (step S17).

Specifically, in step S17, the control device 160 sets plural
target developing bias values such that the developing bias
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is changed in stages only by a minute bias amount in a short
time period. In other words, the developing bias is increased
by (Vd2-Vd1)/T1 per unit time.

After step S17 or after the developing bias becomes Vd2,
the control device 160 maintains the developing bias at Vd2
for the fixed period of time TB (step S18). After step S18,
the control device 160 changes the developing bias from
Vd2 to Vdl in the second time T2 (step S19).

Even in step S19, as in the case of step S17, the control
device 160 sets plural target developing bias values such that
the developing bias is changed in stages only by a minute
bias amount in a short time period.

After step S19, the control device 160 determines whether
the print control is completed or a next sheet S to be printed
is present (step S20). When the print control is not com-
pleted (step S20: No), the control device 160 returns to step
S16.

When the control device 160 determines that the print
control is completed (step S20: Yes) or when the control
device 160 determines that the number of sheets to be
printed is one (step S15: No), the control device 160 returns
the developing bias from Vd1 to 0 (off state) (step S21) and
ends the control of the developing bias.

Next, the operation of the control device 160 when two
sheets of a halftone image are successively printed in the
normal temperature and normal humidity environment and
the low temperature and low humidity environment will be
described with reference to FIG. 4.

In the normal temperature and normal humidity environ-
ment indicated with solid lines in FIG. 4, when receiving a
print command (time t1), the control device 160 changes the
developing bias from 0V to the first developing bias Vd1 and
changes the charging bias from OV to a specified charging
bias Ve.

When detecting a passage of a leading end of a sheet S
(time t2), the control device 160 changes the transfer bias
from O (off state) to -It1. Then, after detecting the passage
of the leading end of the sheet S, the control device 160
starts a print control for a first page at a specified time (time
3).
When the trailing end portion Sb of the sheet S reaches the
transfer roller 74 (time t4), the control device 160 changes
the transfer bias from -It1 to -It2. When the transfer bias
reaches -It2 (time t5), the control device 160 maintains the
transfer bias at —It2 for the fixed period of time TA. After the
fixed period of time TA elapses (time t6), the control device
160 returns the transfer bias from -It2 to -It1.

When trailing end area Ab on the photosensitive drum 51
reaches the developing roller 53 (time t7), the control device
160 changes the developing bias from Vd1 to Vd2 in the first
time T1, which is set based on the temperature and the
humidity. After the first time T1 elapses (time t8), the control
device 160 maintains the developing bias at Vd2 for the
fixed period of time TB.

After the fixed period of time TB elapses (time t9), the
control device 160 returns the developing bias from Vd2 to
Vdl in the second time T2, which is set based on the
temperature and the humidity. Then, when the print control
of a final page (or a second page in FIG. 4) is completed
(time t10), the control device 160 maintains the transfer bias
at —It2 for the fixed period of time TA and then returns the
transfer bias from -It2 to 0 (off state) (time t11).

After setting the transfer bias to the off state, the control
device 160 returns the developing bias from Vdl to O (off
state) and returns the charging bias from Ve to 0 (off state)
at a specified time (time t12).
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In the low temperature and low humidity environment
indicated with broken lines in FIG. 4, the gradients of when
the transfer bias is changed from -It1 to -It2 (or from -It2
to -Itl) become gentle more than those in the normal
temperature and normal humidity environment (solid lines),
and the time for changing the transfer bias becomes the time
TD, which is longer than the time TC set in the normal
temperature and normal humidity environment.

In the embodiment, as the first time T1 and the second
time T2 for changing the developing bias are set to be longer
in the low temperature and low humidity environment than
in the normal temperature and normal humidity environ-
ment, the time for changing the developing bias in the low
temperature and low humidity environment can be set to the
time TD, which is the same as the time for changing the
transfer bias in the low temperature and low humidity
environment. Thus, as toner can be adequately supplied to
all the trailing end area Ab on the photosensitive drum 51
(specifically, to an exposed portion of the trailing end area
Ab) having a length corresponding to the time TD for
changing the transfer bias, through the application of the
second developing bias Vd2 greater than the first developing
bias Vd1, inconsistency in density can be reduced.

Especially in the embodiment, as the transfer rollers 74
are ion conductive rollers, namely, made of a material whose
resistance is changeable by changes of the temperature and
humidity, the time for changing the transfer bias is change-
able by the changes of the temperature and humidity. How-
ever, the disclosure is advantageous in applying the disclo-
sure to such a structure.

The disclosure is not limited to the above embodiment.
The disclosure can be applied in various embodiments
described below. It is noted that, in the following descrip-
tion, elements similar to or identical with those shown and
described in the above embodiment are designated by simi-
lar numerals, and thus the description thereof can be omitted
for the sake of brevity.

The above embodiment shows, but is not limited to, that
an electrostatic discharge between the trailing end portion
Sb of the sheet S and the photosensitive drum 51 is reduced
by changing the developing bias. The electrostatic discharge
may be reduced by changing a control amount of a surface
potential adjusting member configured to adjust a surface
potential of the photosensitive drum 51, for example. Spe-
cifically, in a case where the charger 52 is used as the surface
potential adjusting member, the charging bias, which is the
control amount of the charger 52, may be changed as shown
in FIG. 8.

The control device 160 is configured to change the
charging bias in response to the sheet interval. Specifically,
the control device 160 is configured to change the charging
bias between a first charging bias Vel and a second charging
bias Ve2 such that, when the trailing end area Ab on the
photosensitive drum 51 passes the charger 52, a surface
potential in the trailing end area Ab conforms to a surface
potential in an area downstream from the trailing end area
Ab in a rotation direction of the photosensitive drum 51. The
charging bias contributes to fluctuations of the surface
potential in the trailing end area Ab. The control device 160
is configured to set a third time T3 and a fourth time T4 to
be longer as the temperature and humidity detected by the
temperature/humidity sensor 120 are lower. The third time
T3 is a time for changing the charging bias from the first
charging bias Vel to the second charging bias Ve2, and the
fourth time T4 is a time for changing the charging bias from
the second charging bias Ve2 to the first charging bias Vel.
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The control device 160 executes control of the charging
bias based on a flowchart shown in FIG. 9. The flowchart in
FIG. 9 is different from that in FIG. 7 in that a first charging
bias Vel, a second charging bias Ve2, the third time, the
fourth time, the charger, a fixed period of time TE are used
instead of the first developing bias Vd1, the second devel-
oping bias Vd2, the first time, the second time, the devel-
oping roller, the fixed period of time TB in the flowchart of
FIG. 7. It is noted that in FIG. 9 steps identical with those
shown in and described with reference to FIG. 7 are desig-
nated by identical step numbers and thus the description
thereof can be omitted for the sake of brevity. In FIG. 9, the
gradients of the charging bias indicate an amount of change
in the charging bias per unit time.

When the control device 160 determines Yes in step S11,
it changes the charging bias from 0 (off state) to the first
charging bias Vel in step S112 and proceeds to step S13.
After step S13, the control device 160 sets the third time T3
and the fourth time T4 based on the temperature and the
humidity obtained in step S13 (step S114).

After step S114, the control device 160 proceeds to step
S15. When the control device 160 determines Yes in step
S15, it determines whether the trailing end area Ab on the
photosensitive drum 51 reaches the charger 52 (S116).

When the control device 160 determines that the trailing
end area Ab on the photosensitive drum 51 reaches the
charger 52 (step S116: Yes), the control device 160 changes
the charging bias from the first charging bias Vel to the
second charging bias Ve2 in the third time T3 (step S117).
After step S117 or after the charging bias becomes Ve2, the
control device 160 maintains the charging bias at Ve2 for the
fixed period of time TE (step S118).

After step S118, the control device 160 changes the
charging bias from Ve2 to Vel in the fourth time T4 (step
S119). After step S119, the control device 160 executes step
S20, and changes the charging bias from Vel to 0 (off state)
(step S121).

When the temperature and the humidity become low and
the time for changing the transfer bias becomes longer, the
time T3 where the charging bias is changed from Vel to e2
and the time T4 where the charging bias is changed from Ve2
to Vel become longer accordingly. Thus, a time from when
the charging bias is changed from the first charging bias Vel
to the second charging bias Ve2 till when the charging bias
is returned from the second charging bias ve2 to the first
charging bias Vel (that is, the time for changing the charging
time) can conform to the time for changing the transfer bias
(see FIG. 8). This can reduce a possibility of generating a
difference in surface potential of the photosensitive drum 51,
resulting in reduction of inconsistency in density.

The above embodiment shows, but is not limited to, that
the charger 52 is used as a charging member. The charging
member may include a charging roller.

The above embodiment show, but is not limited to, that
the charging member is used as the surface potential adjust-
ing member. The surface potential adjusting member may
include the cleaning roller 57 and a static eliminating
member provided between the transfer roller and the clean-
ing roller. In a case where the cleaning roller 57 is used, the
first control amount may be set to the first cleaning bias and
the second control amount may be set to the second cleaning
bias. In a case where the static eliminator is used, the first
control amount may be set to the first luminous intensity and
the second control amount may be set to the second lumi-
nous intensity.

The above embodiment shows, but is not limited to, that
the second transfer bias (-It2) is set to a value other than 0.
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The control device may be configured to change the second
transfer bias to 0 by stopping applying the transfer bias to the
transfer member when the trailing end portion of the sheet
passes between the image carrying member and the transfer
member. When the transfer bias is changed to 0 (OFF state)
to ON state, a start-up may get slow in the low-temperature
and low humidity environment and the time for changing the
transfer bias may get longer compared with a case where the
value for the transfer bias is simply changed. Thus, the
disclosure is advantageous especially when the second trans-
fer bias is set to 0 by stopping applying the transfer bias to
the transfer member.

The above embodiments show, but are not limited to, that
the first time and the second time or the third time and the
fourth time are set to have the same time. The first time and
the second time or the third time and the fourth time may be
set to have a different time. The above embodiments show,
but are not limited to, that both of the first time and the
second time or both of the third time and the fourth time are
set. One of them may be set according to the temperature and
the humidity, and the other one of them may not be set.

The above embodiments show, but are not limited to, that
the temperature/humidity sensor 120 is used as a detector.
The detector may include a sensor configured to detect a
change in resistance in a nip portion between the transfer
roller and the photosensitive drum as a change in the
temperature and the humidity.

The above embodiments show, but are not limited to,
positive chargeable toner. Negative chargeable toner may be
used by inverting sign (negative or positive) of each bias and
the surface potential in the above embodiments.

The above embodiments show, but are not limited to, the
color laser printer 1 as an electrophotographic image form-
ing apparatus according to aspects of the disclosure. The
image forming apparatus may include a copier, a multifunc-
tion apparatus and other apparatus.

The above embodiments show, but are not limited to, the
photosensitive drum 51 as an image carrying member. The
image carrying member may include a belt-shaped photo-
sensitive member.

The above embodiments show, but are not limited to, the
transfer roller 74 as a transfer member. The transfer member
may include a conductive brush and a conductive spring
which may be subject to the transfer bias.

The above embodiments show, but are not limited to, that
that the first time and the second time or the third time and
the fourth time are set based on the temperature and the
humidity detected by the temperature/humidity sensor 120.
The first time and the second time or the third time and the
fourth time may be set based on the temperature or the
humidity detected by the sensor 120.

While the features herein have been described in connec-
tion with various example structures and illustrative aspects,
it will be understood by those skilled in the art that other
variations and modifications of the structures and aspects
described above may be made without departing from the
scope of the inventions described herein. Other structures
and aspects will be apparent to those skilled in the art from
a consideration of the specification or practice of the features
disclosed herein. It is intended that the specification and the
described examples only are illustrative with the true scope
of the inventions being defined by the following claims.

What is claimed is:

1. An image forming apparatus comprising:

an image carrying member;

a developer carrying member configured to carry devel-

oper to be supplied to the image carrying member;
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a transfer member configured to transfer a developer
image formed on the image carrying member to a sheet
passing between the image carrying member and the
transfer member;
a detector configured to detect a temperature; and
a processor comprising hardware configured to:
change a transfer bias to be applied to the transfer
member from a first transfer bias to a second transfer
bias being smaller in absolute value than the first
transfer bias and not zero in response to a sheet
interval between the sheet and a next sheet;
(a) when the detector detects a first temperature, control
a developing bias to be applied to the developer
carrying member in response to the sheet interval by:
gradually increasing the developing bias from a first
developing bias to a second developing bias
greater in absolute value than the first developing
bias at a first developing bias increasing changing
rate, the first developing bias increasing changing
rate being an amount of increase in the developing
bias per unit time, the first developing bias
increasing changing rate being constant and lin-
ear;

maintaining, for a fixed period of time, the develop-
ing bias at the second developing bias; and

gradually decreasing the developing bias from the
second developing bias to the first developing bias
at a first developing bias decreasing changing rate,
the first developing bias decreasing changing rate
being an amount of decrease in the developing
bias per unit time, the first developing bias
decreasing changing rate being constant and lin-
ear; and
(b) when the detector detects a second temperature
being lower than the first temperature, control the
developing bias in response to the sheet interval by:
gradually increasing the developing bias from the
first developing bias to the second developing bias
at a second developing bias increasing changing
rate, the second developing bias increasing chang-
ing rate being an amount of increase in the devel-
oping bias per unit time, the second developing
bias increasing changing rate being constant and
linear, an absolute value of the second developing
bias increasing changing rate being less than an
absolute value of the first developing bias increas-
ing changing rate;

maintaining, for the fixed period of time, the devel-
oping bias at the second developing bias; and

gradually decreasing the developing bias from the
second developing bias to the first developing bias
at a second developing bias decreasing changing
rate, the second developing bias decreasing chang-
ing rate being an amount of decrease in the
developing bias per unit time, the second devel-
oping bias decreasing changing rate being con-
stant and linear, an absolute value of the second
developing bias decreasing changing rate being
less than an absolute value of the first developing
bias decreasing changing rate.

2. The image forming apparatus according to claim 1,

wherein the detector is configured to further detect a
humidity, and

wherein the processor comprising hardware is configured
to gradually increase the developing bias from the first
developing bias to the second developing bias at the
first developing bias increasing changing rate when the
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detector detects a first humidity and at the second
developing bias increasing changing rate when the
detector detects a second humidity being lower than the
first humidity.
3. The image forming apparatus according to claim 1,
wherein the processor comprising hardware is configured to
change the transfer bias from the second transfer bias to
Zero.
4. The image forming apparatus according to claim 1,
wherein the transfer member includes an ion conductive
roller.
5. The image forming apparatus according to claim 1,
wherein the processor comprising hardware is configured to:
(a) when the detector detects the first temperature, control
the transfer bias in response to the sheet interval by:
gradually decreasing the transfer bias from the first
transfer bias to the second transfer bias at a first
transfer bias decreasing changing rate, the first trans-
fer bias decreasing changing rate being an amount of
decrease in the transfer bias per unit time, the first
transfer bias decreasing changing rate being constant
and linear;

maintaining, for a first fixed period of time, the transfer
bias at the second transfer bias; and

gradually increasing the transfer bias from the second
transfer bias to the first transfer bias at a first transfer
bias increasing changing rate, the first transfer bias
increasing changing rate being an amount of increase
in the transfer bias per unit time, the first transfer bias
increasing changing rate being constant and linear;
and
(b) when the detector detects a second temperature being
lower than the first temperature, control the transfer
bias in response to the sheet interval by:
gradually decreasing the transfer bias from the first
transfer bias to the second transfer bias at a second
transfer bias decreasing changing rate, the second
transfer bias decreasing changing rate being an
amount of decrease in the transfer bias per unit time,
the second transfer bias decreasing changing rate
being constant and linear, an absolute value of the
second transfer bias decreasing changing rate being
less than an absolute value of the first transfer bias
decreasing changing rate;

maintaining, for the first fixed period of time, the
transfer bias at the second transfer bias; and

gradually increasing the transfer bias from the second
transfer bias to the first transfer bias at a second
transfer bias increasing changing rate, the second
transfer bias increasing changing rate being an
amount of increase in the transfer bias per unit time,
the second transfer bias increasing changing rate
being constant and linear, an absolute value of the
second transfer bias increasing changing rate being
less than an absolute value of the first transfer bias
increasing changing rate.

6. An image forming apparatus comprising:

an image carrying member;

a developer carrying member configured to carry devel-
oper to be supplied to the image carrying member;

a transfer member configured to transfer a developer
image formed on the image carrying member to a sheet
passing between the image carrying member and the
transfer member;

a detector configured to detect a humidity; and

a processor comprising hardware configured to:
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change a transfer bias to be applied to the transfer
member from a first transfer bias to a second transfer
bias being smaller in absolute value than the first
transfer bias and not zero in response to a sheet
interval between the sheet and a next sheet;
(a) when the detector detects a first humidity, control a
developing bias to be applied to the developer car-
rying member in response to the sheet interval by:
gradually increasing the developing bias from a first
developing bias to a second developing bias
greater in absolute value than the first developing
bias at a first developing bias increasing changing
rate, the first developing bias increasing changing
rate being an amount of increase in the developing
bias per unit time, the first developing bias
increasing changing rate being constant and lin-
ear;

maintaining, for a fixed period of time, the develop-
ing bias at the second developing bias; and

gradually decreasing the developing bias from the
second developing bias to the first developing bias
at a first developing bias decreasing changing rate,
the first developing bias decreasing changing rate
being an amount of decrease in the developing
bias per unit time, the first developing bias
decreasing changing rate being constant and lin-
ear; and

(b) when the detector detects a second humidity being
lower than the first humidity, control the developing
bias in response to the sheet interval by:
gradually increasing the developing bias from the

first developing bias to the second developing bias
at a second developing bias increasing changing
rate, the second developing bias increasing chang-
ing rate being an amount of increase in the devel-
oping bias per unit time, the second changing rate
being constant and linear, an absolute value of the
second developing bias increasing changing rate
being less than an absolute value of the first
developing bias increasing changing rate;
maintaining, for the fixed period of time, the devel-
oping bias at the second developing bias; and
gradually decreasing the developing bias from the
second developing bias to the first developing bias
at a second developing bias decreasing changing
rate, the second developing bias decreasing chang-
ing rate being an amount of decrease in the
developing bias per unit time, the second devel-
oping bias decreasing changing rate being con-
stant and linear, an absolute value of the second
developing bias decreasing changing rate being
less than an absolute value of the first developing
bias decreasing changing rate.
7. The image forming apparatus according to claim 6,
wherein the detector is configured to further detect a
temperature, and
wherein the processor comprising hardware is configured
to gradually increase the developing bias from the first
developing bias to the second developing bias at the
first developing bias increasing changing rate when the
detector detects a first temperature and at the second
developing bias increasing changing rate when the
detector detects a second temperature being lower than
the first temperature.
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8. The image forming apparatus according to claim 6,
wherein the processor comprising hardware is configured to
change the transfer bias from the second transfer bias to
Zero.
9. The image forming apparatus according to claim 6,
wherein the transfer member includes an ion conductive
roller.
10. An image forming apparatus comprising:
an image carrying member;
a charging member configured to charge a surface of the
image carrying member;
a transfer member configured to transfer a developer
image formed on the image carrying member to a sheet
passing between the image carrying member and the
transfer member;
a detector configured to detect a temperature; and
a processor comprising hardware configured to:
change a transfer bias to be applied to the transfer
member from a first transfer bias to a second transfer
bias being smaller in absolute value than the first
transfer bias and not zero in response to a sheet
interval between the sheet and a next sheet;
(a) when the detector detects a first temperature, control
a charging bias to be applied to the charging member
in response to the sheet interval by:
gradually decreasing the charging bias from a first
charging bias to a second charging bias being
smaller in absolute value than the first charging
bias at a first charging bias decreasing changing
rate, the first charging bias decreasing changing
rate being an amount of decrease in the charging
bias per unit time, the first charging bias decreas-
ing changing rate being constant and linear;

maintaining, for a fixed period of time, the charging
bias at the second charging bias; and

gradually increasing the charging bias from the sec-
ond charging bias to the first charging bias at a first
charging bias increasing changing rate, the first
charging bias increasing changing rate being an
amount of increase in the charging bias per unit
time, the first charging bias increasing changing
rate being constant and linear; and

(b) when the detector detects a second temperature
being lower than the first temperature, control the
charging bias in response to the sheet interval by:
gradually decreasing the charging bias from the first

charging bias to the second charging bias at a
second charging bias decreasing changing rate, the
second charging bias decreasing changing rate
being an amount of decrease in the charging bias
per unit time, the second charging bias decreasing
changing rate being constant and linear, an abso-
lute value of the second charging bias decreasing
changing rate being less than an absolute value of
the first charging bias decreasing changing rate;
maintaining, for the fixed period of time, the charg-
ing bias at the second charging bias; and
gradually increasing the charging bias from the sec-
ond charging bias to the first charging bias at a
second charging bias increasing changing rate, the
second charging bias increasing changing rate
being an amount of increase in the charging bias
per unit time, the second charging bias increasing
changing rate being constant and linear, an abso-
lute value of the second charging bias increasing
changing rate being less than an absolute value of
the first charging bias increasing changing rate.
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11. The image forming apparatus according to claim 10,
wherein the detector is configured to further detect a
humidity, and
wherein the processor comprising hardware is configured
to gradually decrease the charging bias from the first
charging bias to the second charging bias at the first
charging bias decreasing changing rate when the detec-
tor detects a first humidity and at the second charging
bias decreasing changing rate when the detector detects
a second humidity being lower than the first humidity.
12. The image forming apparatus according to claim 10,
wherein the processor comprising hardware is configured to
change the transfer bias from the second transfer bias to
Zero.
13. The image forming apparatus according to claim 10,
wherein the transfer member includes an ion conductive
roller.
14. An image forming apparatus comprising:
an image carrying member;
a charging member configured to charge a surface of the
image carrying member;
a transfer member configured to transfer a developer
image formed on the image carrying member to a sheet
passing between the image carrying member and the
transfer member;
a detector configured to detect a humidity; and
a processor comprising hardware configured to:
change a transfer bias to be applied to the transfer
member from a first transfer bias to a second transfer
bias being smaller in absolute value than the first
transfer bias and not zero in response to a sheet
interval between the sheet and a next sheet;
(a) when the detector detects a first humidity, control a
charging bias to be applied to the charging member
in response to the sheet interval by:
gradually decreasing the charging bias from a first
charging bias to a second charging bias being
smaller in absolute value than the first charging
bias at a first charging bias decreasing changing
rate, the first charging bias decreasing changing
rate being an amount of decrease in the charging
bias per unit time, the first charging bias decreas-
ing changing rate being constant and linear;

maintaining, for a fixed period of time, the charging
bias at the second charging bias; and

gradually increasing the charging bias from the sec-
ond charging bias to the first charging bias at a first
charging bias increasing changing rate, the first
charging bias increasing changing rate being an
amount of increase in the charging bias per unit
time, the first charging bias increasing changing
rate being constant and linear; and
(b) when the detector detects a second humidity being
lower than the first humidity, control the charging
bias in response to the sheet interval by:
gradually decreasing the charging bias from the first
charging bias to the second charging bias at a
second charging bias decreasing changing rate, the
second charging bias decreasing changing rate
being an amount of decrease in the charging bias
per unit time, the second charging bias decreasing
changing rate being constant and linear, an abso-
lute value of the second charging bias decreasing
changing rate being less than an absolute value of
the first charging bias decreasing changing rate;

maintaining, for the fixed period of time, the charg-
ing bias at the second charging bias; and
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gradually increasing the charging bias from the sec-
ond charging bias to the first charging bias at a
second charging bias increasing changing rate, the
second charging bias increasing changing rate
being an amount of increase in the charging bias
per unit time, the second charging bias increasing
changing rate being constant and linear, an abso-
lute value of the second charging bias increasing
changing rate being less than an absolute value of
the first charging bias increasing changing rate.

15. The image forming apparatus according to claim 14,

wherein the detector is configured to further detect a

temperature, and

wherein the processor comprising hardware is configured

to gradually decrease the charging bias from the first
charging bias to the second charging bias at the first
charging bias decreasing changing rate when the detec-
tor detects a first temperature and at the second charg-
ing bias decreasing changing rate when the detector
detects a second temperature being lower than the first
temperature.

16. The image forming apparatus according to claim 14,
wherein the processor comprising hardware is configured to
change the transfer bias from the second transfer bias to
Zero.

17. The image forming apparatus according to claim 14,
wherein the transfer member includes an ion conductive
roller.
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